(1″→6″′)-β-glucopyranoside [10] , gossypetin 8-glucoside, gossypetin 7-glucoside, and cyanidin 3-rutinoside [7] .
We report here the isolation, from the leaves of UV spectral data (see Experimental) established that all compounds possess free 5-and 7-hydroxyl groups. Compounds I and II were also shown to have an orthodihydroxyl group in the B-ring. UV absorbance maxima at 269 and 357 nm for compound II, and at 272 and 339 nm for compound III suggested they are flavone glycosides [11] .
The UV spectra of both II and III in methanol and with diagnostic reagents were in accord with hypolaetin and isoscutellarein derivatives [11] . The chromatographic behavior of II and III, as well as their NMR spectroscopic characteristics, indicated that these compounds were flavonoid monoglycosides. The 13 C NMR signals of II and III at δ 171.0 and 172.5, respectively, indicated the presence of the carboxyl group of an uronic acid, which was identified as glucuronic acid by comparison with NMR reference data, as well as by TLC of the sugars after complete hydrolysis of II and III. Moreover, both compounds gave a white precipitate with BaCl 2 for BaSO 4 indicating the presence of sulfate groups in I and II. [13] , exhibited large coupling constants (J = 7-9 Hz) reflecting their axial configuration and thus confirming the presence of the glucuronic acid moiety for both II and III. The downfield position of triplets at δ H 4.16 and 4.09, corresponding to H-3″ of II and III, respectively, in comparison to the high-field positions of the H-2″, H-4″ and H-5″ signals observed in the range δ 3.65-3.58 for both compounds, suggested the presence of an ester sulfate moiety at the C-3″ position. After the resonances of the carbons linked to those protons (C-2″ to C-5″) were assigned from the HSQC spectra, it appeared that the C-3'' signals of II and III resonated at δ C 80.9 and 81.9, respectively; that is, they were shifted downfield (+5.15 ppm, +6.15 ppm, respectively) in comparison to the relevant signals in the spectra of the nonsulfated compounds [14] . Furthermore, an upfield shift was observed for the neighboring carbons (2″ and 4″) for both compounds (-0.20, -2.31 ppm and -1.70, -1.31 ppm, respectively) [15] , all of which confirmed the sulfate group link to C-3″ of glucuronosyl moieties. The anomeric carbon signals for II and III were found to be unaffected at δ C 106.6 and 105.0, respectively, thereby indicating an absence of the sulfate groups at C-2″; otherwise an upfield shift of about 5 δ H would occur [14] . Full assignment of NMR resonances for II and III was completed from 2D NMR ( 1 H-1 H-COSY, HMQC, HSQC, and HMBC) spectra.
Further evidence for the structures of II and III was deduced from the mass spectral data. The mass spectra of II and III were recorded in negative and positive ion modes; signals were observed in the negative ion mode at m/z = 557 for II and m/z = 541 for III, whereas in the positive ion mode, the signals appeared at m/z = 559 and m/z = 543, respectively. The molecular formula of III differs from that of II by one additional oxygen atom. Hence, compounds II and III were identified as hypolaetin 8-O-β-glucuronopyranoside 3″-O-sulfate and isoscutellarein 8-O-β-glucuronopyranoside 3″-Osulfate, respectively. Recently, compounds given the same structures, named theograndin I and theograndin II, were identified from Theobroma grandiflorum ("Cupuacu") fruits [16] . However, the NMR shifts reported [16] in CD 3 OD differ significantly from those recorded for DMSO-d 6 solutions in our work (see Experimental). Our NMR assignments were established by 2D NMR correlation techniques (see above).
Results of antimicrobial assay show that compound II has a slightly higher activity (MIC = 0.50 mg/mL) than compound III (0.75 mg/mL). According to the generally accepted criteria we can conclude that this activity is in the medium range (MIC in range 0.1-1.0 mg/mL).
Sulfate esters of flavonoids are relatively rare in plants with only about 100 such compounds reported to date [17] . Flavonoid sulfates are usually found in species occurring in coastal and swampy areas rich in mineral salts or in arid habitats, and binding of sulfate groups to flavonoids may represent a mechanism for adaptation to these environments [18] . Among members of the Malvaceae, sulfate esters of flavonoids have been previously identified from leaves of Malva sylvestris (gossypetin 8-O-β-Dglucuronide 3-sulfate, [19] and Althaea officinalis
Flavonoid sulfates show many biological activities, useful both for plant physiology and to human health. They are enzymes inhibitors, regulators of auxin transport, and exhibit antioxidant activity. The antioxidant activities of the sulfated flavonoid glycosides might improve bioavailability because they are easily dissolved in water and hydrolyzed to their corresponding flavonoid glycosides and aglycones. However, the significance of the sulfated flavonoid glycosides to human health needs clinical evaluation. . Prep. PC analysis was carried out using Whatman 3 CHR paper, and systems S1 and S3 (x 2 runs). Visualization of the chromatograms was performed using UV fluorescence and /or spraying with the following reagents: R1: 2% AlCl 3 , R2: Naturstoffreagenz A (β-aminoethyl ester of diphenylboric acid) (Roth, Karlsruhe, Germany). TLC analysis was carried out using silica gel plates DC-Alufolien Kieselgel 60 (Merck, Darmstadt, Germany), and system S7 [n-PrOH-EtOAc-H 2 O (7:2:1)]. Sugars were visualized in visible light after spraying with aniline phthalate (reagent R3) and heating at 110 0 C for 5-10 min. Column chromatography (CC) was carried out using cellulose powder (Whatman CF 11, UK) and system S8 [EtOAc-MeOH-H 2 O (100:5:5)]; and Sephadex LH-20 (Pharmacia, Uppsala) and system S9 (MeOH).
Kaempferol 3-O-rutinoside (IV), quercetin 3-Orutinoside (V) and hypolaetin 8-O-β-D-glucuronide
Melting points were determined on a Küstner Franz hot stage apparatus and are uncorrected. UV spectra were measured on a Lambda 35 UV/VIS spectrophotometer (Perkin-Elmer, Boston, MA).
1 H and 13 C NMR (including COSY, HMQC, HSQC and HMBC) spectra were recorded on either a Varian Unity 300 ( 1 H spectra at 300 MHz; 13 C spectra at 75.5 MHz) spectrometer or a Bruker ( 1 H spectra at 600 MHz, 13 C spectra at 150 MHz) spectrometer with TMS as internal standard and DMSO-d 6 as solvent. HPLC/ESI MS were obtained using a Waters/Micromass (Manchester, UK) ZQ mass spectrometer that was coupled with a Model 2690 HPLC pump (Waters, Milford, MA, USA). The samples were injected using an autosampler onto a Nova Pak C 18 RP column (150 x 3.9 mm id; Waters). UV spectra in MeOH were recorded using a Lambda 20 Perkin Elmer spectrophotometer. A gradient of acetonitrile/water and formic acid was applied with an initial condition of acetonitrile, water, formic acid 0:95:5. The gradient was linear until reaching 95% acetonitrile after 15 min; this was maintained for 5 min. The ESI source potentials were: capillary, 3kV; lens, 0.5kV; extractor 4V; the cone voltage (CV) 30, which was increased to 45 for the fragmentation observed.
Total acid hydrolysis was performed on about 1 mg of each flavonoid with 1% aq. HCl at 100 o C for 30 min. The hydrolysates of II and III afforded a white ppt. of BaSO 4 with BaCl 2 . The final aqueous acidic solutions were extracted with EtOAc, and the aqueous layers were neutralized for determination of the sugar, which was identified as glucuronic acid by comparison with a standard (system S7, reagent R3).
Partial acid hydrolysis of II and III was performed on about 1 mg of each flavonoid with 1% aq. HCl for 5 min at room temperature yielding glycosides without sulfate groups: PC, system S5, Rf x100=52 and 53 for the compounds obtained from II and III, respectively [11] .
Extraction and isolation: Dried leaves of Abutilon indicum (100 g) were extracted with 50% aqueous MeOH (300 mL x 3). The concentrated extract was shaken with CHCl 3 , and the residue from the aqueous layer was added to a cellulose column and eluted with system S8 to yield 5 fractions. The separation procedure was monitored by PC using S1. Fraction 3 (41-140) from the cellulose column, with the highest amount of flavonoids, was chosen for further separation by prep. PC using system S1 to give two bands showing brown fluorescence in UV at 365 nm, one a mixture of I, II, III with an Rf value 0.32 and the second a mixture of IV and V with an Rf value of 0.47. The mixture of I, II, III was repeatedly chromatographed by prep. PC using system S3 (x 2 runs) to yield fractions containing compounds I, II and III. The mixture of IV and V was chromatographed by prep. PC using system S2 to yield fractions containing compounds IV and V. All fractions obtained during the isolation procedure were purified by CC on Sephadex LH-20 using system S9 to give five flavonoids, namely I (12 mg), II (35 mg), III (35 mg), IV (20 mg) and V (10 mg).
Antimicrobial activity assay:
The test organism used in this study was Staphylococcus aureus ATTC 6538 P international reference strain. The strain was maintained and tested in Antibiotic Broth (Merck). The compounds II and III were dissolved in DMSO (Fluka Chemie GmbH, Buchs, Switzerland), 10 mg/mL, and diluted from 0.1 to 1.0 mg/mL in culture liquid medium. A suspension of the reference strain (0.1 mL) was added to 1 mL of each concentration. The mixtures were incubated at 35-37 o C for 24 h, and then the medium was examined. A clear medium indicated inhibition of the microbial growth, while either turbidity or a precipitate developing in the medium confirmed bacterial growth. A test with DMSO was used as a negative control. Antimicrobial activity was compared with that of tetracycline. Each analysis was repeated three times. The antimicrobial activity was determined as the minimum inhibitory concentration (MIC -mg/mL).
